Introduction: The risk of abnormal thyroid function after hematopoietic stem cell transplantation (HSCT) is well-known especially in pediatric patients. There are few studies about adult patients that showed 3-year cumulative incidence ranges between 8-23%. In this study we studied the incidence of abnormal thyroid function in patients older than 18 years, and reviewed its predicting factors.
Introduction
The occurrence of Abnormal Thyroid Function (ATF) as a late complication of hematopoietic stem cell transplantation (HSCT) and the factors associated with it have been described primarily in pediatric recipients of allogeneic HSCT [1] [2] [3] . However, fewer studies have analyzed the incidence of this complication in adults [4] [5] [6] , in particular after autologous HSCT [4] , these studies showed 3-year cumulative incidence of ATF ranges between 8-23%. The risk factors for ATF after HSCT is not consistent in all studies, some studies showed TBI as a significant predictor [1] , other studies showed the only significant predictor is the type of transplant, with higher incidence in autologus transplant compared to allogenic transplant [7] . We aimed in this study to find the incidence of ATF after HSCT at our center, and to study the significance of different factors for its occurrence.
Patients and methods
We retrospectively analyzed the incidence of ATF in all consecutive adult HSCT recipients who underwent HSCT at our center between June 2004 and June 2010. After reviewing the files, we included patients who had normal thyroid function before transplant, and they had at least one reading of thyroid function following transplant. We had 293 patients who underwent transplant during that period. From this group, there were 155 patients who did not have pre transplant and or follow up Thyroid Function Test (TFT) after transplant, so they were excluded. From the remaining 138 patients, there were 30 patients who had abnormal TFT before transplant, so they were excluded too. So, our cohort consisted of 108 patients in spite that it is a routinely done test regardless of presence or absence of symptoms. We collected data about age, gender, underlying disease, type of transplant (autologous, allogenic), type of conditioning regimen (myeloablative versus nonmyeloablative,
Definitions
Normal thyroid function was defined as a TSH level between (0.5 -4.7) mIU/ L, free T4 between (10 -23) pmol/ L, T3 between (3.5 -6.5) pmol/ L.
We considered any level above or below the normal range as abnormal. Subclinical hypothyroidism defined as high TSH and normal T4. Overt hypothyroidism defined as high TSH and low T4, subclinical hyperthyroidism defined as low TSH and normal T4 and overt hyperthyroidism was defined as low TSH and high T4.
Statistics
Descriptive statistics was used to present patients demographics and Clinical information. Categorical factors such as: gender and disease type were described using counts and percentages, while continuous factors such as Age and duration between BMT and last follow up date were described using Mean and Range. A comparison between patients with Normal and abnormal thyroid function test following HSCT according to patients demographics and clinical information was done using Chi square test, fisher exact, and t-test, depending on the assumption required for each test. A significance criterion of p ≤ 0.05 was used in the analysis. All analysis was performed using SAS version 9.2 (SAS Institute Inc, Cary, NC).
Results
At a median follow up of 1.1 year (0.1-6.1 years) 75% of the patients were alive. The median age at the time of transplant was 37.5 years (18.2-69), and 66% were males. Pre transplant diagnoses were; Lymphoma & myeloma which constituted 57.4%, acute leukemia accounted for 24%, and aplastic anemia for 5.6%.
From the group 54.8% had autologous transplant, 45.2% had allogenic transplant from which 94.6% were myeloablative transplants. The conditioning regimen was TBI-based in 29%, and 13.9% had more than one transplant (Table 1) .
Regimens used for autologous transplant were all non TBI based myeloablative conditioning. These include: BEAM (BiCNU, Etoposide, Ara-C, Melphalan), Melphaln, and Carboplatin plus Etoposide. Rigemens used for allogeneic translpant were either Reduced Intensity Conditioning (RIC), or Myeloablative Conditioning (MAC), and both included TBI vs non-TBI regimens. RIC regimens include Fludarabine plus TBI, Fludarabine plus Melphaln. MAC regimens included TBI plus Cyclophophamide, Busulphan plus Cyclophophamide with median follow up of 1.1 year (0.1-6.1 years), 34 patients (31%) developed abnormal thyroid function tests, as shown in table 2.
The predicting factors which showed significant p value for the development of abnormal TFT are shown in table 3. The disease category, number of transplants, and myeloablative versus non myeloablative were not predictors of the occurrence of abnormal thyroid function test (not shown in the table). 
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Discussion
Thyroid dysfunction is a well known adverse effect of autologous and allogeneic HSCT. This effect was extensively studied in pediatric age groups [1] [2] [3] . Several researchers have reported a prevalence of thyroid dysfunction ranging between 10% to 50% both in children and in adult HSCT long-term survivors having been conditioned with chemotherapy combined with TBI [1, 3, 5, [8] [9] [10] .
The increasing interest in the late effect of HSCT on the thyroid function prompted us to study this in adult patients. The incidence of early or late complications is influenced by the antineoplastic agents used, total dose of the preparative chemotherapy, initial diagnosis, age at time of HSCT and development of Graft-Versus-Host Disease (GVHD) [5, 11, 12] . Cyclophosphamide in combination with busulphan (BUCY2) is one of the most commonly used combinations. Other regimens that might be used include etoposide, cytosine arabinoside and melphalan (BECYM, BEAM) [2, 4] . The adverse effect of these agents in combination with immunosuppressive drugs such as glucocorticoids and cyclosporine used after HSCT for the prevention and treatment of GVHD on the endocrine system is yet to be evaluated. In more recent literature, the incidence of thyroid dysfunction in adult recipients of HSCT after BUCY2 conditioning without TBI ranges from 10% to 47% [11, 12] .
An incidence of 1.16% for overt primary hypothyroidism and 12.8% for subclinical primary hypothyroidism was observed in our study population; with overall incidence for thyroid dysfunction amounted to 31%. The incidence of hypothyroidism in the general population from the area of Jordan that these patients came from is not known. We have used as a reference the incidence encountered in endocrinology texts referring to the general population, that is, prevalence rates for overt hypothyroidism in women varying from 0.5 to 1.5 %, and as low as a tenth of these rates in men, and the rates for subclinical hypothyroidism varying from 8 to 10% in women and 1 to 2% in men [13, 14] . Overall overt or subclinical hypothyroidism occurred more frequently in female than male patients (42.9% vs. 24.2%), with statistical significance, and odds ratio of 2.34. So, in our study female gender was a predictor for the occurrence of ATF after HSCT, which was not the case in two previous studies [4, 7] . The incidence of ATF in our study was more in allogenic group with odds ratio of 2.05 and significant P value, which is contradicting the result of the study by Sanchez-O, et al. (7) . This might be due to shorter follow up time in our study, since in Sanchez-O study the median follow up was 39 months, with 25% developing it between 7-14 years. The third factor which predicted the occurrence in our study was TBI with odds ratio of 1.6 and significant P value, and this is consistent with pediatric data [1] . In conclusion our study showed an increased risk of ATF after HSCT, female gender, allogenic transplantation and the use of TBI were predictors of this risk. So a high index of suspicion for ATF is needed in survivors after HSCT. Thyroid function testing is recommended by international guidelines for all Blood And Marrow Transplant (BMT) survivors yearly after the procedure or if new relevant symptoms develop [8] in our study about 53% of patients did not have follow up TFT after HSCT, so the current recommendations for sustained long-term monitoring of thyroid function tests in adult BMT recipients should be reinforced particularly in patients who have factors predicting higher risk of ATF.
